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(54) Cellular system using a CDMA scheme and comprising a plurality of pilot channels 



(57) A cellular system using a code division multiple 
access (CDMA) scheme includes N (N is a positive inte- 
ger) pilot channels and M (M is a positive integer) data 
channels. The pilot channels are used transmitting ref- 
erence signals whose transmission signals are known 



in advance. The data channels are used for transmitting 
information. Each of the M data channels is made to 
correspond to one or a plurality of said N pilot channels. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to a mobile tele- 
phone/portable telephone system (cellular system) 
using a direct spread code division multiple access (DS- 
CDM A) scheme and, more particularly, to a cellular sys- 
tem characterized by a transmission method using pilot 
channels for coherent detection and transmission power 
control. 

2. Description of the Prior Art 
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[0002] As a conventional technique of the present 
invention, an IS-95 system as a standard cellular sys- 
tem in North America is available. 
[0003] In a forward link (base station -> mobile termi- 
nal) according to the IS-95 specifications, a pilot chan- 
nel commonly used for channels for all mobile terminals 
is prepared, and signals are constantly transmitted by 
using about 20% of the base station transmission 
power. On the pilot channel, a single spread code hav- 
ing a relatively large length (a 2 1S chip period = about 
26.6 ms) is used, and a non-modulated signal (i.e.. nor- 
mally "0") is transmitted. The reception section of a 
given mobile terminal estimates the transmission path 
of the radio signal received by using this pilot channel 
(estimates the delay, phase, and amplitude). This trans- 
mission path is used to determine the de-spreading tim- 
ing of a data channel addressed to the given mobile 
terminal and perform coherent detection and RAKE 
combining. 

[0004] Another conventional technique is a wideband 
CDMA scheme (to be referred to as a W-CDMA herein- 
after), which has not been put into practice. The W- 
CDMA is a scheme that has been studied for the third- 
generation cellular system (IMT-2000). Currently, in 
Japan, IMT-2000 standards proposals are being pre- 
pared by the Association of Radio Industries and Busi- 
nesses (ARIB). 

[0005] According to a conventional proposed W- 
CDM A scheme, a known pilot symbol (since this data is 
time-multiplexed with another data, it is called a pilot 
symbol instead of a pilot channel unlike in IS-95) is 
added to a channel directed to each mobile terminal. 
[0006] In IS-95, a pilot channel is prepared in only a 
forward link. In the conventional W-CDMA, pilot chan- 
nels are prepared for the respective data channels, and 
hence a pilot symbol is also added to a reverse link 
(mobile terminal base station). The reception sec- 
tions of a mobile terminal and a base station estimate a 
transmission path by using this pilot symbol as in IS-95. 
and the estimated transmission path is used to demod- 
ulate data through a data channel addressed to itself. 
[0007] A pilot symbol is added to each data channel in 



W-CDMA in this manner to use an efficient coherent 
detection scheme by estimating a transmission path 
using the same method in both a reverse link and a for- 
ward link, thereby improving the reverse link quality. 
5 Another purpose of the addition of such pilot symbols is 
to reduce radio wave radiation in unnecessary direc- 
tions by changing the directivity of the base station 
antenna for each mobile terminal in a forward link so as 
to improve the forward link quality. 
10 [0008] This method is called an adaptive antenna 
(adaptive array antenna) or smart antenna technique. 
This technique is a kind of space division multiple 
access (SDMA) in terms of reuse of radio waves upon 
space division. In a CDMA cellular system, in which 
is radio waves having the same frequency are used in all 
the cells, the SDMA is regarded as a promising future 
technique. 

[0009] The first problem in the prior art is that the 
method of preparing a common pilot channel to all ter- 
se minals as in IS-95 described above does not match well 
with the technique of controlling transmission directivity 
for each mobile terminal by using an adaptive antenna 
array. 

[001 0] That the antenna directivity of the base station 
25 changes for the respective mobile terminals means that 
a pilot channel through which reference signals are uni- 
formly transmitted in all terminal directions differs in 
transmission paths from a data channel through which 
information is transmitted by an antenna whose directiv- 
30 ity is focused on the self-terminal, and the transmission 
path estimation result obtained by using the pilot chan- 
nel cannot be used to demodulate the information 
through the data channel. For example, some of murtip- 
ath channels detected by using the pilot channel may 
35 fall outside the data channel directivity range. In addi- 
tion, there is no guarantee that the carriers are in phase. 
[0011] The second problem in the prior art is that in 
the method of adding a pilot symbol to each channel as 
in the conventional W-CDMA scheme, the overheads of 
40 the pilot symbols become excessively large, resulting in 
poor transmission efficiency, especially in speech com- 
munication at a low data rate. 

[001 2] In the conventional W-CDMA scheme, four pilot 
symbols are transmitted at 0.625-ms intervals, which 
45 can be regarded as an overhead corresponding to 4.26 
kbps in consideration of error correction code efficiency 
= -|/3. This overhead is not small as compared with a 
data rate for high-efficiency speech, e.g., 8 kbps. 
[001 3] The third problem in the prior art is that when a 
so pilot symbol is added to each data channel, since large 
power cannot be assigned, a high-quality reference sig- 
nal cannot be obtained, although about 20% of the total 
transmission power of the base station can be assigned 
to obtain a high<?uality reference signal when a com- 
ss mon pilot channel is used as in IS-95 described above. 
The reference signal with poor quality must be improved 
by, for example, filtering. This influences the complexity 
of each terminal. 
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[001 4] An adaptive array antenna is a future technique 
and hence should not be used in consideration of cost in 
the early stage of introduction. It is preferable that 
investment in equipment be made without any adaptive 
array antenna in the early stage of introduction, and 5 
investment in this technique as an improved technique 
is made with an increase in traffic. 
[001 5] Transmission path estimation does not depend 
on data rates. For this reason, when a high data rate is 
set, e.g., when data services are offered at 384 kbps, 10 
the overhead of a pilot symbol can be neglected. When, 
therefore, low-speed voice services are mainly offered, 
the common pilot channel scheme is advantageous, 
and the individual pilot channel scheme will become an 
indispensable technique in the future regardless of is 
whether high-speed data services are mainly offered. 
Therefore, there are demands for a flexible scheme 
capable of smoothly coping with changes in services in 
this manner. 

20 

SUMMARY OF THE INVENTION 

[0016] The present invention has been made in con- 
sideration of the above situation in the prior art, and has 
as its main object to provide a cellular system incorpo- 25 
rating a flexible reference signal transmission method 
capable of selecting an optimal apparatus arrangement 
in accordance with the contents of a required service. 
[0017] It is another object of the present invention to 
provide a transmission method which can obviate the 
necessity to change a pilot channel/data channel 
assigning method even if a system is optimized from a 
system introduction period in which voice services are 
mainly offered with a relatively small traffic to a system 
expansion period in which high-speed data services are 
offered with a large traffic. 

[001 8] It is still another object of the present invention 
to simplify a mobile terminal apparatus when voice 
services are to be mainly offered, improve the transmis- 
sion efficiency, and efficiently accommodate high-speed 
data services when an SDM A technology is established 
in the future. 

[001 9] In order to achieve the above objects, accord- 
ing to the basic aspect of the present invention, there is 
provided a cellular system comprising transmission sec- 
tions having N pilot channels, transmission/reception 
sections having M data channels, a plurality of antenna 
elements, a weighting matrix for antenna for generating 
L types of antenna directivity patterns by weighting the 
phases and amplitudes of signals transmitted from the 
respective transmission sections and transmis- 
sion/reception sections and supplying the resultant sig- 
nals to the respective antenna elements, a control 
section for supplying weighting coefficients to the 
weighting matrix for antenna and notifying a corre- 
spondence between data and pilot channels by using a 
control channel, and a transmission/reception section 
having a control channel for notifying a pilot channel 



corresponding to a data channel used for communica- 
tion to each mobile terminal. 

[0020] The present invention is characterized in that a 
combination of pilot and data channels is not fixed but 
can be dynamically changed in accordance with the use 
state of the data channel. 

[0021 ] In this manner, a plurality of pilot channels are 
dynamically assigned in accordance with the use state 
of each data channel to allow a plurality of data chan- 
nels having the same antenna directivity to share a pilot 
channel, thus effectively using pilot channel resources. 
[0022] Even if a conventional system with a fixed 
antenna directivity shifts to an advanced system 
designed to realize space division reuse of frequencies 
by controlling the antenna directivity of an adaptive 
antenna array or the like, there is no need to change a 
pilot channel/data channel assigning method. Such a 
shift can therefore be easily made. 
[0023] Another effect of the present invention is that 
the channel capacity can be maximized in accordance 
with a system configuration. 

[0024] This is because interference acting on other 
channels can be minimized by transmitting signals 
using the necessary minimum number of pilot channels. 
[0025] The third effect of the present invention is that 
a very flexible system can be realized. 
[0026] This is because even if a conventional system 
with a fixed antenna directivity shifts in the future to an 
advanced system designed to realize space division 
reuse of frequencies by controlling the antenna directiv- 
ity of an adaptive antenna array or the like, there is no 
need to change a pilot channel/data channel assigning 
method, and the shift can therefore be easily made. 
[0027] The above and many other objects, features 
and advantages of the present invention will become 
manifest to those skilled in the art upon making refer- 
ence to the following detailed description and accompa- 
nying drawings in which preferred embodiments 
incorporating the principle of the present invention are 
shown by way of illustrative examples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

Fig. 1 is a block diagram showing a base station 
apparatus according to the basic aspect of the 
present invention; 

Fig. 2 is a view for explaining the correspondence 
between antenna directivities, pilot channels, and 
data channels in the basic aspect; 
Fig. 3 is a flow chart showing the operation of the 
basic aspect; 

Fig. 4 is a block diagram showing an example of the 
arrangement of a pilot channel transmission sec- 
tion; 

Fig. 5 is a block diagram showing an example of the 
arrangement of a data channel transmission/recep- 
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tion section; and 

Rg. 6 is a block diagram showing an example of the 
arrangement of a weighting matrix for antenna and 
antenna elements. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0029] The basic aspect of the present invention will 
be described first with reference to the accompanying 
drawings. 

[0030] Fig. 1 is a block diagram showing a base sta- 
tion apparatus according to the basic aspect of the 
present invention. This basic aspect is associated with a 
cellular system for performing communication between 
the base station apparatus and mobile terminals. 
[0031 ] Referring to Fig. 1 . the base station apparatus 
is comprised of transmission sections 101 to 103 having 
N (N is a positive integer) pilot channels, transmis- 
sion/reception sections 104 to 106 having M (M is a 
positive integer) data channels, a plurality of antenna 
elements 109, a weighting matrix for antenna 108 for 
generating L (L is a positive integer) types of antenna 
directivities patterns by weighting the phases and ampli- 
tudes of signals transmitted from the transmission sec- 
tions 101 to 103, the transmission/reception sections 
104 to 106. and a transmission/reception section 107 
and supplying the resultant signals to the respective 
antenna elements 109, a control section 1 10 for supply- 
ing weighting coefficients to the weighting matrix for 
antenna 108 and making the data channels correspond 
to the pilot channels, and the transmission/reception 
section 107 having a control channel for notifying each 
mobile terminal of a pilot channel corresponding to the 
data channel to be used for communication on the basis 
of a command from the control section 1 10. The opera- 
tion of the basic aspect in Fig. 1 will be described next. 
[0032] Referring to Fig. 1 , reference symbols P^ to 
PL N denote transmission signals on pilot channels 1 to 
N- Tch n to Tch M , transmission/reception signals on data 
channels (also called traffic channels) 1 to M; and P, to 
P N , transmission control signals (for ON/OFF control for 
transmission, instruction about transmission power, and 
the like) for pilot channels 1 to N. 
[0033] On data channels 1 to M, the direction of a 
mobile terminal that is performing communication is 
estimated on the basis of reception, and the control sec- 
tion 1 1 0 is notified of the estimated mobile terminal. The 
control section 110 determines the optimal antenna 
directivity. If the determined antenna directivity is being 
used on another data channel, and the corresponding 
pilot channel is being used for transmission, the control 
section 110 notifies the mobile terminal of the corre- 
sponding pilot channel number (or spread code) 
through the control channel. If this antenna directivity is 
not being used, an available pilot channel is selected to 
start transmission with the designated antenna directiv- 
ity. 
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[0034] If the position of the mobile terminal is 
unknown before speech communication, communica- 
tion may be started with an omni-directivity first, and the 
antenna directivity and corresponding pilot channel may 
be changed when the direction of the mobile terminal is 
estimated. 

[0035] If excess overhead results when pilot channels 
are separately set, as in voice terminals, wastes result- 
ing from the overhead can be reduced by assigning a 
common pilot channel to a plurality of terminals. 
[0036] When communication through a given data 
channel is complete, and another data channel does not 
share the corresponding pilot channel, transmission is 
stopped by using the corresponding pilot channel. If 
another data channel shares the pilot channel, trans- 
mission is continued by using the pilot channel. 
[0037] Fig. 2 is a view for explaining the correspond- 
ence between antenna directivities and pilot and data 
channels in the basic aspect. 

[0038] Fig. 2 shows an example of how pilot and data 
channels are assigned in accordance with antenna 
directivity patterns and the positions of mobile termi- 
nals. At this time, the antenna elements 109 are using 
four types of directivity patterns and pilot channels PC^ 
to PC 4 . Any directivity pattern in a direction in which no 
terminal is performing speech communication is not 
used. 

[0039] The pilot channel PCi covers all directions. 
This channel is used by a mobile terminal whose posi- 
tion is not detected immediately after the start of speech 
communication, an in-car terminal that is moving near a 
base station BS at a high speed (i.e., a terminal whose 
direction changes at short intervals when viewed from 
the base station), or the like. The pilot channels PC 2 
and PC3 are shared among a plurality of data channels 
located in the same directions. The pilot channel PC 3 is 
shared among a plurality of voice terminals, and has a 
relatively wide directivity pattern. A data channel DC 8 is 
a high-bit-rate channel, to which one pilot channel PC 4 
is exclusively assigned. This channel reduces interfer- 
ence with other channels by using a narrow antenna 
directivity pattern. 

[0040] Fig. 3 is a flow chart showing the operation of 
the basic aspect. 

[0041 ] Referring to Fig. 3, when communication is to 
be started, an available data channel is found first to 
ensure a data channel transmission/reception means 
(step F-1). If the direction of the mobile terminal is 
known at this time, the optimal antenna directivity for the 
direction of the mobile terminal is selected. H the direc- 
tion of the mobile terminal is unknown, an antenna 
directivity in all directions in which the mobile terminal 
can exist may be selected (step F-2). 
[0042] If another terminal exists in the direction of this 
antenna directivity and is performing communication 
(step F-3), since this terminal is performing transmis- 
sion with the antenna directivity by using a pilot channel, 
this pilot channel may be used. That is, any new pilot 
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channel transmission means need not be ensured. If 
this antenna directivity is unused (step F-3), an availa- 
ble pilot channel transmission means is ensured, and 
transmission is started by using the pilot channel (step 
F-4). 5 
[0043] Subsequently, pilot and data channel numbers 
(or spread codes) indicating the channels to be used by 
the mobile terminal are notified by using the control 
channel to start transmission/reception by using the 
data channel (step F-6). 10 
[0044] Assume that the optimal antenna directivity 
changes as in case wherein the position of the mobile 
terminal has moved to the end of the antenna directivity 
during communication, or the direction of the mobile ter- 
minal, which was unknown at the start of communica- is 
tion, is known after a period during which 
transmission/reception is performed with a wide direc- 
tivity (step F-7). In this case, processing in step F-3 and 
the subsequent steps are performed for the new 
antenna directivity. Whether a change in antenna direc- 20 
tivity is required is periodically monitored during com- 
munication. 

[0045] When the communication is complete (step F- 
8), the transmission/reception using the data channel is 
stopped to release the data channel transmis- 25 
sion/reception means (step F-9). If the same pilot chan- 
nel is not being used by another data channel (step F- 
10), the transmission using the pilot channel is also 
stopped to release the pilot channel (step F-11). If the 
same pilot channel is being used by another data chan- 30 
nel (step F-10), the processing associated with the data 
channel is terminated without stopping the transmission 
using the pilot channel. 

[0046] An embodiment of the present invention will be 
described next with reference to Figs. 4 to 6. 35 
[0047] Fig. 4 is a block diagram showing an example 
of the arrangement of a transmission section corre- 
sponding to data channel N. 

[0048] Fig. 5 is a block diagram showing an example 
of the arrangement of a transmission/reception section 40 
corresponding to data channel M. 
[0049] Fig. 6 is a block diagram showing an example 
of the arrangement of a weighting matrix for antenna 
and antenna elements. 

[0050] Referring to Fig. 4, a transmission section for a 45 
pilot channel in this embodiment includes a spreading 
circuit 401 for spreading data consisting of "0"s alone by 
multiplying the data by a spread code SC N (Tx), a 
spread code generating circuit 403 for generating the 
spread code SC N (Tx), and a transmission power control sc 
circuit 402 for controlling the transmission power for the 
spread signal. Different spread codes are assigned to 
the respective channels and hence used as means for 
discriminating the channels in code division multiple 
access (CDMA) sharing the same frequency among all si 
the channels. 

[0051] Referring to Fig. 5, a data channel transmis- 
sion/reception means in this embodiment includes a 



spreading circuit 501 for spreading transmission data 
d M (Tx) with a transmission spread code SC M (Tx). a 
transmission power control circuit 502 for controlling the 
transmission power for the spread signal, a spread code 
generating circuit 503 for generating the transmission 
spread code SC M (Tx) and a reception spread code 
SC M (Rx), a delay circuit 504 for delaying the reception 
spread code SC M (Rx) in accordance with a delay in 
each path of multipath channels for reception signals, 
de-spreading circuits 505 that are equal in number to 
the paths and multiply the delayed reception spread sig- 
nals and the reception signals through the data chan- 
nels, integration circuits 506 that are equal in number to 
the paths and cumulatively add the de-spread signals 
for a 1 -symbol time, and a RAKE combining demodula- 
tion circuit 507 for combining the outputs from the inte- 
gration circuits 506 corresponding to the respective 
paths in phase at a maximum ratio. 
[0052] Referring to Fig. 6, a weighting matrix for 
antenna on the transmission side in this embodiment 
includes weighting circuits 601 and 602 for weighting 
signals (including amplitudes and phases) to be output 
to the respective antenna elements over transmission 
signals on the respective channels with weighting coef- 
ficients {WJ supplied from the control section, addition 
circuits 605 that are equal in number to the antenna ele- 
ments, each circuit adding/combining transmission sig- 
nals in each channel, duplexers 606 which are equal in 
number to the antenna element each allowing one 
antenna element to be used for transmission and recep- 
tion, and a plurality of antenna elements 607. Similarly, 
on the reception side, the matrix includes a weighting 
circuit 603 for weighting the signal (including the ampli- 
tude and phase) received by each antenna element with 
a weighting coefficient {W} supplied from the control 
section, and an addition circuit 604 for adding/combin- 
ing the respective weighted reception signals. 
[0053] The operation of the cellular system according 
to the present invention will be described next with ref- 
erence to Fig. 6. 

[0054] As in the basic aspect of the present invention 
described above, when data communication is to be 
started, the directivity of each reception antenna is 
determined to maximize the signal-to-interference ratio 
(SIR) of a received signal. More specifically, it suffices if 
weighting coefficients [W M 1\ W M 2\...} are determined 
to maximize the short-time average of SIRs. In addition, 
the transmission directivity of each data channel is 
determined to have the same antenna directivity as that 
used for reception. In an ideal radio system (the gain 
and phase characteristics remain unchanged in trans- 
mission and reception), it suffices if coefficients com- 
plex conjugate to the weighting coefficients {W M 1\ 
W M 2\...} used for reception are used as transmission 
weighting coefficients {W M 1. W M 2,...}. 
[0055] The above operation may be simplified by lim- 
iting the weighting coefficients {W M 1\ W M 2\...} and 
{W M 1, W M 2,...} to n Vs and "0"s alone. That is, one (or a 
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plurality) of antennas to which directivities are assigned 
in advance is selected and used for transmission/recep- 
tion. In this case, the directivity in transmission can be 
easily matched with that in reception. This can greatly 
reduce the processing amount for antenna directivity 
determination and simplify adjustments to the gam and 
phase of the radio system. However, the degree of free- 
dom in antenna directivity is limited. 
[0056] Data channels can be made to correspond to 
pilot channels by notifying the spread codes used in the 
respective channels. The transmission power for a pilot 
channel or data channel is controlled to 0 (OFF) to pre- 
vent unnecessary interference from disturbing other 
channels in use. 

Claims 
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8. 



10 



15 



10. 



20 



25 



30 



1. A cellular system using a code division multiple 
access (CDMA) scheme, comprising: 

N (N is a positive integer) pilot channels for 
transmitting reference signals whose transmis- 
sion signals are known in advance; and 
M (M is a positive integer) data channels for 
transmitting information, 
wherein each of said M data channels is made 
to correspond to one or a plurality of said N 
pilot channels. 

2. A system according to claim 1 , wherein each of said 
N data channels is made to correspond to one of 
said M pilot channels which goes through the same 
transmission path. 

3. A system according to claim 1, wherein said pilot 35 
channel is used for coherent detection of at least 
said data channel to which said pilot channel is 
made to correspond. 

4. A system according to claim 1. wherein said pilot 
channel is used for transmission power control on 
at least said data channel to which said pilot chan- 
nel is made to correspond. 

5. A system according to claim 1, wherein a corre- 
spondence between said pilot channel and said 
data channel is newly determined at least immedi- 
ately before and every time said data channel is 
used. 

6. A system according to claim 1, wherein a corre- 
spondence between said pilot channel and said 
data channel can be changed during use of said 
data channel by notifying a new correspondence. 

7. A system according to claim 1, wherein said pilot 
channel stops transmission when use of all data 
channels made to correspond to said pilot channel 



11 



40 



45 



50 



55 



A system according to claim 2, wherein when a pilot 
channel which goes through the same transmission 
path as that for a data channel to be newly used is 
not being used for transmission, a new pilot channel 
which goes through the same transmission path as 
that for said data channel is generated and used to 
start transmission. 

A system according to claim 1 , wherein when chan- 
nels used for transmission/reception with the same 
antenna directivity are determined as channels 
which go through the same transmission path. 

A system according to claim 2, wherein when chan- 
nels used for transmission/reception with the same 
antenna directivity are determined as channels 
which go through the same transmission path. 

, A cellular system using a code division multiple 
access (CDMA) scheme, comprising: 

transmission means having N (N is a positive 
integer) pilot channels; 

transmission/reception means having M (M is a 
positive integer) data channels; 
antenna means having L (L is a positive inte- 
ger) types of directivity patterns; and 
notification means for notifying a correspond- 
ence between said data channels and said pilot 
channels, 

wherein information to be transmitted/received 
by using each of said M data channels is trans- 
mitted/received by selecting an optimal pattern 
from the L types of directivity patterns in 
accordance with a position of a mobile terminal 
used for communication, 
a reference signal to be transmitted by using 
each of said N pilot channels is transmitted by 
selecting one pilot channel for each directivity 
pattern used for said data channel, and 
said notification means notifies a pilot channel 
used for transmission with the same directivity 
pattern as that for said data channel. 

12. A reference signal transmission method in a cellular 
system using a code division multiple access 
(CDMA) scheme of transmitting N (N is a positive 
integer) reference signals whose transmission sig- 
nals are known in advance by using pilot channels, 
and transmitting M (M is a positive integer) pieces 
of information by using data channels, comprising 
the step of 

making each of said M data channels corre- 
spond to one or a plurality of said N pilot chan- 
nels. 
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13. A reference signal transmission method in a cellular 
system using a code division multiple access 
(CDMA) scheme of transmitting reference signals 
by using N (N is a positive integer) pilot channels, 
transmitting/receiving information by using M (M is s 
a positive integer) data channels, performing trans- 
mission/reception by using said data channels 
through antenna means having L (L is a positive 
integer) types of directivity patterns, and notifying a 
correspondence between said data channels and w 
said pilot channels through notification means, 
comprising the steps of: 

transmitting/receiving information to be trans- 
mitted/received by using each of said M data 15 
channels by selecting an optimal pattern from 
the L types of directivity patterns in accordance 
with a position of a mobile terminal used for 
communication; 

transmitting a reference signal to be transmit- 20 
ted by using each of said N pilot channels by 
selecting one of said pilot channels for each 
directivity pattern which is being used on said 
data channel; and 

causing said notification means to notify a pilot 25 
channel which is being used for transmission 
with the same directivity pattern as that for said 
data channel. 

14. A base station apparatus in a cellular system using 30 
a code division multiple access (CDMA), compris- 
ing: 

N (N is a positive N (N is a positive integer) pilot 
channels for transmitting reference signals 35 
whose transmission signals are known in 
advance; and 

M (M is a positive integer) data channels for 
transmitting information, 

wherein each of said M data channels is made 40 
to correspond to one or a plurality of said N 
pilot channels. 

15. A base station apparatus in a cellular system using 

a code division multiple access (CDMA) scheme, 45 
comprising: 

transmission means having N (N is a positive 
integer) pilot channels; 

transmission/reception means having M (M is a 50 
positive integer) data channels; 
antenna means having L (L is a positive inte- 
ger) types of directivity patterns; and 
notification means for notifying a correspond- 
ence between said data channels and said pilot 55 
channels, 

wherein information to be transmitted/received 
by using each of said M data channels is trans- 



mitted/received by selecting an optimal pattern 
from the L types of directivity patterns in 
accordance with a position of a mobile terminal 
used for communication, 
a reference signal to be transmitted by using 
each of said N pilot channels is transmitted by 
selecting one pilot channel for each directivity 
pattern used for said data channel, and 
said notification means notifies a pilot channel 
used for transmission with the same directivity 
pattern as that for said data channel. 
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